Thirty five patients with dementia of the Alzheimer type (DAT) and 35 controls matched for age, sex and handedness were investigated using single photon emission computer tomography (SPECT) with 99m technetium HMPAO. Regional cerebral blood flow (rCBF) was assessed semiquantitatively in 18 cortical and 4 subcortical areas by normalising mean information density in each region to cerebellar mean information density. Analysis revealed significantly reduced rCBF to temporal, parietal, frontal and left occipital cortex in the patients whilst blood flow to subcortical areas showed no differences between the 2 groups. In addition, significant left-sided cortical hypoperfusion was seen in the DAT group but not in controls. When patients were subdivided on the basis of disease severity, those with mild disease showed temporal, parietal and left frontal changes with more severely affected patients also showing right frontal and left occipital involvement. rCBF patterns did not distinguish between presenile and senile onset cases once duration and severity of illness were controlled. Eight cortical areas were also rated visually for perfusion deficits on a simple 4 point scale. Perfusion deficits were detected in 34 of 35 patients but in only 4 of 35 controls. In the DAT group significant correlations were found between many of the neuropsychological tests used and rCBF. Memory correlated with left temporal activity, praxis, perception, object assembly and block design with right parietal activity and language with activity throughout the left hemisphere. Significant correlations were also seen between subcortical and cortical blood flow, possibly explaining the correlations observed between many of the neuropsychological tests and thalamic blood flow.
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(J Neurol Neurosurg Psychiatry 1992;55: [1182] [1183] [1184] [1185] [1186] [1187] Dementia of the Alzheimer type (DAT) is associated with changes in cortical metabolism as demonstrated by the technique of positron emission tomography (PET)' and changes in regional cerebral blood flow (rCBF) that can be detected using single photon emission computer tomography (SPECT). [2] [3] [4] [5] [6] Decreased metabolism and reduced cerebral perfusion are known to occur predominantly in temporal and parietal areas -regions which at post mortem show the greatest neurochemical abnormalities.7 However, the extent to which other brain areas are involved is unclear.
Marked frontal changes are seen pathologically8 and whilst some have reported reduced rCBF in frontal areas5 6 9 others have not found this. 3 10 Similarly, although occipital changes have been demonstrated by PET,' others argue the occipital lobe is spared in DAT and use it as a reference point for normalising rCBF.5 Differences in rCBF have also been reported to distinguish between patients with presenile (age less than 65) and senile (age greater than 65) onset of the disease," in keeping with the concept of clinical subtyping which has been described.'2 '3 Correlations have been noted between rCBF deficits and scores on neuropsychological tests3 5 although negative results have also been reported.'4 '5 Previous studies have generally investigated patients in the relatively late stages of the disease and have often compared rCBF in patients with only a very small control group, possibly explaining some of the discrepant results observed. The aims of this study were to investigate rCBF in DAT patients in the relatively early stages of the disease compared with a large group of age-matched controls and also to attempt to correlate any rCBF deficits seen with cognitive performance using more detailed neuropsychological tests than have previously been described. In clinical practice it is important to know the value of visual inspection of the scan and this study also sought to investigate the usefulness of a simple 4-point rating scale for visual assessment of regional perfusion deficits. Neuroimaging technique Regional cerebral blood flow was measured using technetium 99m labelled hexa methyl propylene amine oxime (99m Tc HMPAO) and a dedicated brain SPECT imager (SME 810, linked to MacIntosh II computer). Each subject received an intravenous injection of 550 MBq of 99m TcHMPAO while lying supine in a quiet room with eyes closed and ears unplugged. Imaging was carried out within 90 minutes of injection. Fourteen overlapping transverse slices, each 15 mm thick, were obtained in a plane parallel to the orbitomeatal (OM) line. Acquisition time for each slice was 3 minutes, the in-plane resolution being 7*5 mm. Statistical analysis Regional cerebral blood flow was compared between patients and controls using independent t tests. One way analysis of variance was used for comparisons within the patient group (presenile against senile, family history against no family history, mild against moderate). Analysis of variance with repeated measures (using diagnosis as a "between subjects" factor and region and side as "within subject" factors) was used to compare blood flow asymmetries between left and right hemispheres in the 2 groups. Visual perfusion scores represented ranked data and these were analysed nonparametrically using the Mann Whitney U test. A significance level of p < 0-05 was accepted. Correlations were considered between regional cerebral blood flow and cognitive test scores using Pearson's correlation. If the very conservative Bonferroni correction were applied to the correlations, p < 0 01 would be equivalent to overall a = 0-6 and p < 0-001 to overall a = 0-06.
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Results
All subjects and controls successfully completed the procedure and no adverse events were reported. Table 1 gives subject characteristics. There was no significant difference in age or sex ratio between the two groups. Regional cerebral blood flow for all areas is shown in table 2. There were no differences between groups in the four subcortical areas examined but reduced flow was seen in the patient group in all cortical regions except right and left visual cortex, right high frontal and right occipital areas. When patients with mild DAT (MMSE 2 20) were compared with more severely affected patients (MMSE < 20), differing patterns of rCBF deficits were seen as shown in table 3. When compared with controls mild DAT patients showed predominantly temporal and parietal deficits, although left frontal changes were also seen. The more severely affected patients showed more pronounced temporal, parietal and frontal changes but also had significantly reduced flow to left occipital cortex (see fig 3) . There was a trend toward reduced blood flow to the right occipital cortex which just failed to reach significance (p = 0 059). With regard to asymmetry of blood flow, analysis of variance revealed a significant diagnosis by side interaction (F = 4-85, df = 1, 66 p = 0-031) which indicated relative left sided hypoperfusion in the DAT patients but not the controls. The asymmetry in blood flow did not appear to vary as a function of severity because analysis of variance comparing asymmetry difference between the mild and moderate/severe group revealed no significant differences.
No differences in rCBF were seen that separated groups with or without a family history of dementia. When comparisons were made between senile and presenile onset groups, initially right occipital hypoperfusion was seen in the presenile group (F = 5-26, dfl, 33, p = 0 028). However, when the analysis was repeated using severity and duration of illness as covariates this difference was no longer found to be significant.
A summary of perfusion scores is shown in table 4. All the DAT patients except one showed some perfusion deficits compared with only 4 controls (x2 = 48-4, df = 1, p < 0-0001).
The DAT patient who showed no perfusion deficits was a mildly affected case (MMSE = Significant correlations were seen between regional cerebral blood flow and cognitive tests (tables 5 and 6). Among the subcomponents of the CAMCOG, memory correlated with blood flow to the left temporal lobe, praxis and perception with blood flow to the right parietal area and language to blood flow to left temporal, parietal and frontal areas. Significant correlations were also seen between cognitive scores and both thalamic areas, but particularly with the left thalamus. 
Discussion
This study has helped to further define the pattern of rCBF deficits seen in patients with DAT and has helped clarify some of the controversies apparent in the literature. Reduced blood flow was seen in most of the cortical but none of the subcortical areas examined, consistent with pathological findings of predominantly cortical involvement in Alzheimer's disease. 24 Decreased cortical blood flow was predominantly seen in temporal and parietal regions, in keeping with previous SPECT work. However, this study also demonstrated significant frontal and occipital hypoperfusion in the patient group, both on quantification analysis and on visual inspection of scans. When the patient group was subdivided according to severity, mildly affected patients showed temporal, parietal and some frontal changes with more severely affected cases also showing decreased blood flow to the occipital areas. The finding of frontal changes, even in those in the relatively early stages of the disease, argues against the notion that frontal changes are only seen in severe cases. 25 The recognition that frontal changes can occur early in the course of Alzheimer's disease is an important cautionary feature with regard to differential diagnosis of Alzheimer's against Table 6 Correlations between cognitive subtests and regional cerebral blood flow in DAT patients, n = 20 This study demonstrated no difference in rCBF patterns that differentiated between presenile or senile onset disease. Burns et al.3 found that early age of onset correlated with lower activity in left posterior parietal lobe. Jagust et al " found left frontal hypoperfusion in early onset cases and Habert6 found that presenile cases had significantly lower biparietal and left temporo-occipital perfusion ratios. However, all three studies are confounded by the fact that the presenile group also had more severe illness than the senile group. In this study, an initial difference between presenile and senile onset cases disappeared when data was reanalysed covarying for severity and duration of illness. It is most important in future studies investigating possible differences between putative subtypes of Alzheimer's disease that these factors are taken into account. However, given the large number of SPECT studies that now exist investigating patients with Alzheimer's disease and the lack of agreement on specific rCBF deficits to support subtyping, it seems reasonable to conclude, in accordance with our findings, that SPECT will not prove to be a useful way of distinguishing between presenile and senile onset disease processes.
Clinically, visual inspection of scans is likely to be of greater practical importance for individual patient management than quantification-analysis. The four point visual rating system we have described is a simple and quick way of assessing scans. Thirty four out of 35 DAT patients showed some perfusion deficits compared with only 4 out of 35 controls. All patients did, of course, already have clear clinical diagnoses of Alzheimer's disease so it remains to be seen how useful SPECT scans would be in helping to diagnose cases where the clinical diagnosis is in doubt. However, these patients were in the relatively early stages of the disease and the proportion of abnormal scans (97%) is considerably higher than the 75-80% of CT scans that are reported to be abnormal in cases of similarly diagnosed Alzheimer's disease,3" suggesting that SPECT may be a more useful investigation than CT for differentiating between normality and dementia.
Good correlations were found between rCBF deficits and the neuropsychological tests used in agreement with previous reports. 3 The failure of some other groups to find similar correlations4 15 might be explicable in terms of inadequate numbers of subjects studied, the use of a group with too great a severity of illness or the choice of the occipital lobe as a point of reference for normalising rCBF. For example, Montaldi et al5 found no correlation between the memory subcomponent of the CAMCOG and perfusion to the temporal lobes and argued that either their patient group was too severely impaired or that the CAM-COG is too non-specific a neuropsychological tool to find such correlations. In our study a significant correlation was 
